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We argue that the allowed range of the mass of the lightest neutralino in the MNSSM is limited. We establish the 
theoretical upper bound on the lightest neutralino mass and obtain an approximate solution for this mass. 



1. INTRODUCTION 

Recent observations indicate that 22% — 25% of the energy density of the Universe exists in the form of stable 
non-baryonic, non-luminos (dark) matter. Supersymmetric (SUSY) models provide a good candidate for the cold 
dark matter component of the Universe. If R-parity is conserved, the lightest neutralino is absolutely stable and 
can play the role of dark matter. However the minimal supersymmetric standard model (MSSM) suffers from the 
so-called /^-problem. The MSSM superpotential contains only one bilinear term /x(7Jiei?2)- The parameter /i is 
expected to be of the order of Mpi or GUT scale. At the same time the correct pattern of electroweak (EW) 
symmetry breaking requires fi ^ 100 — 1000 GeV. The /x-problem can be solved within the minimal non-minimal 
supersymmetric standard model (MNSSM). The superpotential of the MNSSM can be written as 



W = \S{HdeHu) +iS + WMSSMiii = 0) . 



(1) 



At the EW scale the singlet superfield S gets non-zero vacuum expectation value (VEV) {S) = s/\/2 and an effective 
/i-term (//e// = As/v^) is generated. Thus in the MNSSM the ji problem is solved in a similar way to the next-to- 
minimal supersymmetric standard model (NMSSM), but without the accompanying problems of singlet tadpoles or 
domain walls. 



2. UPPER BOUND ON THE LIGHTEST NEUTRALINO MASS 

The neutralino sector of the MNSSM is formed by the superpartners of the neutral gauge bosons (IV3, B) and 
neutral Higgsino fields {H^, H^, S). In the field basis {B, S) the neutralino mass matrix takes a form 
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where sw = sin^vi^, cw = cos6w: S/3 = sin/3, and cp = cos/3. Here tan/3 = V2/V1 and v = ^/vl 
where vi and V2 are the VEVs of Hd and respectively. The neutralino spectrum in the MNSSM may be 
parametrised in terms of 
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In the minimal SUGRA inspired SUSY GUT's A'h ^ O.5M2. The vahdity of perturbation theory up to the GUT 
scale implies that X{Mz) < 0.7 . When A is small the non-observation of Higgs bosons at LEP rules out tan/3 < 2.5 . 
LEP searches for SUSY particles also set lower bounds on IM2I, |A*e//| > 90 — 100 GeV. 

In order to find theoretical bounds on the neutralino masses m^o it is convenient to consider the matrix M-^oM-q. 

In the basis (b, W3, -H^sp + H°cp, H^cp + H°sp, s") the bottom-right 2x2 block of M^oMIo takes the form 



(4) 



where = cos^ 2/3 + sin^ 2/3, v = Xv/\/2. Since the minimal eigenvalue of any hermitian matrix is less than 
its smallest diagonal element at least one neutralino in the MNSSM is always light, i.e. |r7i^o| < \iy\. Therefore in 
contrast with the MSSM the lightest neutralino in the MNSSM remains light even when the SUSY breaking scale 
tends to infinity. The mass of the lightest neutralino must be also smaller than the minimal eigenvalue /Xq of the 
submatrix ([4]), i.e. 




(5) 



The value of /io decreases with increasing |/ie//|. Taking into account the restrictions on |/J.e//| and X{AIz) we find 
that |m^o I < 80 — 85 GeV The obtained theoretical restriction on |to^o | allows to discriminate the MNSSM from 
other SUSY models. 



3. APPROXIMATE SOLUTION 

The mass of the lightest neutralino can be computed numerically by solving the characteristic equation 
det (Af^o - kI) 



M1M2 - (A/i + A/2)k + [k^ - + + v^^^ff sin 2/3^ 



-Ml \ M - K 



lief j sin 2/3k — V \ = , 



(6) 



where M = A/ic^ + M2s'^. Because in the MNSSM |m^o| is normally much smaller than the masses of the other 
neutralinos one can ignore , and terms in the characteristic equation so that it reduces to 

- + C = 0, 
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Then the mass of the lightest neutralino can be approximated by [l| 



M, 



iMi+M2){filff+iy^) 



■Ml 



I m^o I — Min 



B- \/B^ - 4C 



B + \/B^ - 4C 



As follows from Fig. 1-2 the approximate solution describes the numerical one with relatively high accuracy, 
increasing /ig// and Afi^2 the lightest neutrahno mass decreases. If either |^e//| or Afi_2 ^ Mz then 



sin 2^ 



According to Eq. ((9]) to^o is inversely proportional to fief / • It decreases when tan /3 grows and vanishes when A 
to zero. When A ^ the mass of the lightest neutralino is proportional to A^. When |m^o| <C Mz the lij 
neutralino is predominantly singlino that makes its direct observation at future colliders rather challenging. 
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Figure 1: Lightest neutralino mass versus ^e// for A = 0.7, Mi = O.5M2, M2 = 200 GeV. Solid and dashed lines correspond 
to tan /3 = 10 and 3. Upper and lower dashed-dotted lines represent the theoretical restriction, Eq. ([Sj, on |m^o | for tan (3 — 3 
and 10. Dotted lines correspond to the approximate solution, Eq. ([8}. 




Figure 2; Lightest neutralino mass as a function of Ah for A = 0.7, Ah — O.5M2, /ie// ~ 200 GeV. The notations are the same 
as in Fig. 1. 
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